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ON THE ROLE
OF
THALAMIC AND RETICULAR FORMATION
UPON
THE FREQUENCY RES’ONSE ACTIVITIES
OF THE GEN'itATOR OF
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Dr. Kensuke Sato

Professor of Physiology
Nagasaki University School of Medicine
Nagasaki, Japan.
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ABSTRACT

Theoretical and experimental studies on the "activities"
of nonspecific and specific projection systems hidden in the
electroencephalogran were conducted from the sterdpoint cf the
random process in a stochastic servesystem.

It was verified that EEG "activity" (frequ.ency respense)
is not only equivalent to the "excitability cycle" of an
excitable system, but to an extension of the “"spectral sensi-
tibity curve" of the visual system and "response area" of the
auditory system.

An augmentative interaction elicited by binocular afferent
inflows were found in the BEG sctivities of specific thalamic
level of cats, while not ozly augmentative but inhibitory
interactions were observel in the cerebral visual, somatosensory
and agsoclation areas.

Cerebral EEG activities were elicited by centromedian
and midkrain reticular stimulation of low frequency. A high
frequency reticular stimilation, by which electrocortical
arousal was induced in EEG, followed an inhibitory and aug-
mentative processes to reduce and enhance respectively the
flicker activity of low frequency.

It was inferred from the above theoretical and experimental
results that scrvomechanic roles of nonspecific and specific
prolection sysvems are capable of observing in the EEG " ac-
tivities". 0Oir the same roles in the descending reticular
system, some ‘heoretical and experimental evidences were
demcnstrated in the myotonographic (MT) "activity".
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1. umumormr‘ieﬁn

The research works were parformed vn the ¥ole of the
nonspecific (the nuclews centrum medianwm) and specific (the
lateral geniculate bedy) thalamic muclei and the middrain
reticular formation from the point of view of the freguency
response activities of the electroencephalogrem (EBG) and
myotonogram, which are able to oonsider as random processes
in a servosystem (Sato 1962).

2. ANALYSIS OF THE PROBLEM AND AN EXPLANATION OF CONTROLS
USED

The frequency response aotivities, which has already re-
ported in the paragraph 2 of the first quarterly progresr
report, of EEG in the cerebral visual, somatosensory and as-
soclation areas, specific and nonspecific thalamic nuclei and
midbrain reticular formation were obtained under visual and
cutaneous stimulation and electric shock stimulation to the
nucleus centrum medianum and retieular formation, wherein
frequency responses under a combined stimulation with visual
and one of other stimulation were also observed, In most
experiments, EEG activities (frequency response) elicited by
rhythmic flash stimulation with various frequencies in the
range of from 1 to 20 per second were regarded as introducing
the control activities.

The roles of the nonspecific and specific thalamic nuclei
and reticular formation were analysed by comparing with these
frequency response activities each other in the above three
coerebral regions under and without influences of the stimu-
lation to the nucleus centrum medimnum, lateral geniculate
body or midbrain reticular formation.

3, OUTLINE OF EXPERIMENTAL PROCEDURE

Bxperiments were carried out on cats weighing about 3kg.
Under ether anesthesia, the tracheal cannula was put in the
trachea and the head was fixed on the Johnson's type stere-

otaxic instrument (Pig., 3-1), thereafter the skull was opened

o)l -



Pig. 3-1. Jonson's type stereotaxic instrument for monkey,
cat and rabbit.

This instrument was purchased by the Fund of the Rocke-
feller Foundation (GA. BMR 5893).



carefully with minimum bleeding. Then the ether was dlowm
out by artificial respiration in the electromagnetically
shielded room (Pig. 3<2). In the next procedure, the cat
was immobilized by an intraperitoneal injection of 20 mg/kg
of flaxedil, Oxygen was mixed in the outflowing air from
the artificial respirator. In some animals experiments were
performed undsr Nembutal anesthesia (30 mg/kg), whereby arti-
fical respiration was not necessaary.

Bipolar depth electrodes made of steel wire or nicrome
vire (Gauge 22 and 24) were inserted by the aid of the stere-
otaxic atlas by Jasper & Ajmon-Marsan (1954) or by Snider &
Niemer (1961). Silver ball-tip surface electrodes, which
were insulated exoept at the tip, were monopolarily placed
onto the pia mater or dura mater in the areas noted above in
the paragraph 2. Reference silver wire electrode was in-
serted in the neck muscle. The opened cerebral surface was
covered with warmed agar gel made from Ringer's solution or
with warmed mineral oil. The teaperature of shielded room
was kept always 28-29°C and a ruhber bag filled with hot
water was put beneath the abdomen to keep animal in good con-
ditions.

4. EXPLANATION OF INSTRUMENTATION EMPIOYED

As can be seen in the block diagram, illustrated in Pig,
4-1, EEGs, myotonograms (MTa) and *the signals of the stimu-
lation were recorded on tlie recording paper by 8 channel ink-
writing electroencephalograph (Fig. 4-2) (San'ei-Sokki Co.,
Tokyo) and on the 1/4inch magnetic tape {(Soni-Tape) simul-
taneously by 3 channel (Fig. 4-3) or 8 channel data recorder
(Pig. 4-4) (Shiroyama-tsiishin) by means of pulse-widthe-modu-
lation (PWM) method. Occasionally, by zpplying a double
beam cathode ray oscilloscope (Nihorkdden Co.) (Fig. 4-3) and
Grass' type long recording oscilioscope camera (Fig. 4-5), .
the above EEG and/or MT and the siimulation curves were photo-
graphed on 35mm f{ilm. Rayttmic flash stimulation mono- or

-3 -



Pig. 3-2, Cat fixed on the stereotaxic instrument ready to
the experiment.

Depth electrodes have inserted in the brain and surface
electrodes have placed on the exposed pia or dura mater.

o T T P, MR A e e
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Fig. 4-1A. Blockdiagrams for EEG recording and its data
processing.
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Fig.4-2. 8-channel electroencephalograph.



Fig. 4-3. 3~channel analogue data recorder.

On the right upper, a part of double beams cathode ray
oscilloscope is seen. By an electronic switch each of the
double beams is separated in two, so that one oscilloscope
works as a four beams oscilloscope to control the data recorder,



L s 2 o

b R

Fig. 4-4. B8-channel analogue data recorder.

By two cathode ray oscilloscopes, illustrated in Fig.
4-3, right upper, simultaneous data recording by means of
eight channels are able to control.
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Pig. 4-5. Grass' type long recording oscilloscope camera.

This was alge purchased by the FPund of the Rockefeller
Poundation (GA. BMR 5893),



binoocularly was delivered bWy She strobo-flash valve of the
photic stimulator (San'ei-Sokki, Co.). The stimulus im-
tensity of flash was changed by covering the strobo-flash valve
with a filter, which has a round window of various diameter

(5, 10, 20, 30, 50 and 150 mm). For the y rpose of obtalning
steady results and of aiming tonic activities, owe stimulation
wag delivered for 60-90 sec., although a far storter duration
(less than 5 sec long in most instances) of a stimulation is
generally delivered in the study of the central nervous systen.
At the end of the experiment the animal's head was perfused
with 10 % forwalin and the brain wns extirpated to embed

into 10 % formalin. Celloidin or paraffine sections cut at
10-20 microns were gtained by routine Kluver-Barrera staining
method (1953). 4nd the location of the depth electrodes
inserted in thalanic nuclei and/or reticular formaticn were
checked histologically. Inctruments employed in the data
processing will be noted in the next paragraph.

5. DAT.: PROCESSIUC OF TUEL EYFERIMENTAL DATA (STATISTICAL

ANALYSIS OF DAT.. TAKEN).

The procedures of ER3 recordings and their data processing
are iilustroted in the block diagranm (Fig. 4-1). The follow-
ing data precessings wevrc performed to analyse regular average
time- and frequency-patterns from EEG and MT recordings with
random irregular fluctuations.

a. gorrelation analygis. The data recorded magnetically
on 1/4 inch magnetic Soni-tapes were re-recorded on the 1/2

inch emdless magnetic Scotch tape for 35 sec to put on the
analogue type correlator (CCA-22, Sony Corp.) (Fig. 5-1) or
for 60 sec to put on the pulse signal universal correlator
(UCA~26, Sony Corp.) (Fig. 5-2). The analogue type corre-
lator (CCAL-22) can analyse the wave form in the frequency
range lower than about 20-30 c/sec, so that it cannot carry
the crosccorrelation analysis between pulse (flash or electwric
fookY atimalation and REG o MT.  This pulse signal umie-

- 10 ~
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Analogue type correlator (CCA-22). (Sato, Mimura

et al. 1962)

The left box: driving mechnism to rotate the endless
tape, which is put on the front surface of the box.

A low and long box in the middle: data recording and
reproducing mechanisms.

A low and long box in the middle right: computer

mechanism for obtaining auto- and crosscorrelation.
On the right of the computer mechanism, an inkwriting
This correlator

galvanometer to trace correlogram is seen.
and designed

was made to analyse oscillation in an earthquake
for the first time by us for the purpose of EEG analysis.
On the most right and right upper, a part of the stimulator

mechanism are seen.

- 1] -
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Fig., 5~2. 3pecially desicned pulse signal universal correlator
(UCs-26) (Sato, Wiwura et al. 1962).

M: Part of the tape-drivin: meshanism. Enlarged picture of
this part is ehown in t1e lower. A and B are reconding
heads. A' and B' are riproducing heads.

E: Part of the electronic :alculation.

R: Heating pen fype recorder to record correlograms.

-12 -
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versal correlator (UCA-26) can perform mot only analysis under
the same principle as the analogue type correletor, but also
ocan compute the auto-~ and croascorrelograns of one and two
pulee signal time series reapoctively. In addition, this
correlator can perform also the crogscorrelation analysis of
the pulge stimulation and EEG or MT, becauge it was designed
to perform our methods for obtaining the average response
time-pattern (Sato et al. 1962), crosscorrelation analysis
(Sato et al. 1962) and autocorrelation analysis (Sato et al.
1962).

Autocorrelation analysis was performed by the analogue
type correlator (CCA-22), while crosscorrelation analysis
between rhythmic stimulation amd the EEG recording was computed
by the pulse signal universal correlatey (UCA~26), by which
autocorrelograms were also obtained if necessary.

Numerical crosscorrelation analysis was performed in the
following procedures. Inkwritten or photographed EEG and/or
M? curves and signal of the stimulation respectively obtained
by the electroencephalograph or the Grass' type oscilloscope
camera (Fig. 4-5) and cathode-ray oscilloscope were copied
by handwriting on the transparent graph papers or recopied
photographically on special bromide papers by the quick copy
(Maji Co.). i zero-axis (base line) of every EEGs or MTs
was selected in the center of the oscillating fluctuation in
each of them and the ordinates of the EEG or MT were sampled
digitally at every one millimeter or every one half milimeter,
which corresponds. to 1/60 and 1/120 sec respectively, because

the paper spocd for inkwriting ERGa by the elsctroencephalograph

was 60 mm/sec The crosscorrelogram between the time series
of BEG obtained hy the above noted procedures and the stimu-
lation were¢ computed by our simple and practical method (Sato
et al., 1962).,

R Jrequsnay analygis. Auto- and crosscorrelograns re- '
corded by the pulse aignal correlator (UCA-26) and aocwe of

autocorrelograms traced by the analogue type correlator (00A-22)
- 13 -
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were recorded under the magnetic BD recording (boundary dis-
placement type recording) onto 1/2 inoh magnetic tape by a
speoially deisgned pantagraph (Pig. 5=3). Prequency spectra
of them were recorded by the ingtant spectrum analyser (Sony
Corp.) (Pig. S-4A), vhich was newly designed for EBG data
processing (Usmura 1960). The primoiple of this new analyser
is as follows: The magnetic 1/2 inch tape (Fig. 5-4B, ?), onto
which a correlogram of EEG was drawn by BD recording, is let
to contact with the rotary magnetic reproducing head (Pig. '
5-4B, RH) and the rotary head (H) is led to rotate by an
electric motor. When the head runs rubbing the lower surface
of the tape with its velocity of "v" cm/sec, the oscillating

; electric current with a frequency of "f" c/sec will be repro-
duced from the head (H) under the following relationship

(5.1) £ = v, lee. f£.=f/v

where "fr" is the frequency of the oscillation recorded onto
the tape (T). The oscillating current of "f" c/sec flows
in the first amplifier A, to amplify and to flow in the filter

1
(F)s If the frequency of the filter is "f," c/sec, then

(5.2) fr = f./v'

Thus, only the current of £ c/sec in the output current of
the amplifier .\, can exclussively pass the filter (F). The
higher the rotating velocity of the head (H) is, therefore,

§ the slower oscillation in the drawn waves onto the tape will

‘ be analysed and vice versa. The analysed oscillating current

wag rectified to obtain a direct current proportioned to its
amplitude. The rectified current is amplified again by the
D.C. amplifier (32) suitably to record the frequency spectrum
on the special recording paper (Nikko~Recording paper) by the
heating-pen~type recorder (P).
When the head (H) is set in motion, it rotates with ime
creasing velocity to reach a maximum speed, and thea the head
S loses its speed graduamlly. In jhe former half sensitivity
gor analysis is checked and adjusted and in the later half the

-1l4 -
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Pig. 5-3. Specially designed pantagraph for BD recording
the wave form (EEG or MT curve and/or their correlograms) on

1/2 inch magnetic tape.

The curve will be drawn on a scale of one-third of the
original wave form in its length and amplitude. The reduced
curve drawn on a tape cannot be visualized in itself, but
can be by apattering special iron powder slightly onto it
to check.
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4 Yig. 5-4. The insiont spectrum analyser specially designed
for EEG analyeis (Uemure, 1961,s, b), which was originally
asked to make by us.

A3 General view of the instent spectrum analyser.
B: Block diagran of the analyser.

The tape (T), cnto which the wave form was
drawn by the special paniagraph (Fig, 5-3), is
attached to the rotating head (H). When the head
is set in motion with gradually increasing speed to
a maximum and then dccrsasing speed, the frequency

t spectrum will be tracsd by the heating pen type
pen-recorder (P) cr the special paper (Nikko-recording
paper).

C: Upper curves are sinoidal waves of various frequencies
{cy:les per second).

e ~ w79 are their peaks analysed by the
analyser.
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froguonsy spestrun is feserded on the papes.

In some of the autocorrelogrames and crosscorrelograss,
wvhich were respectively traced by the analogue type correlator
(COA=22) or by the pulse sigmal correlater (UCA«26) and/or
computed by our method noted above, their oidisdtes wete
sampled to form digital time series by the above noted method
and the time series wore punched on the data tapes by the
6~unit perforator (Kurosawa~-Telsin Co., and or Okidenki K.X.)
(Pig. 5-5,A and B) and sent to the administrator of the e-
lectronic computer in Tokyo and their frequency spectra were
computed by means of the program of 201 ordinates harmonic
analysis and the results were sent back to our laboratory.

In some of the time series sampled from the above auto= and
crosscorrelo; rams Kobayashi's double harmonic analysis (1953,
1955) were also applied in our laboratory to obtain their
frequency spectra.

&. Fregquency regponge analygis. An important relation
between the power spectrum of the rhythmic experimental
stimulation with 'f' per sec, that of the crosscorrelstion
function between the experimental stimulation and the ENG
tracing during the stimulation and the EEG generator activity
or the frequency response of the generator have already re-
ported in the Paragraph 2 of THE FIRST QUARTERLY PROGRESS
REPORT, i.6.

(5.3) x¥(ei1) - 0(0;2) = B (1),

where X(e;f) and éey(t) are respectively the power spectra

of the experimental stimulation and the crosscorrelation
funstion and G(e;f) is the frequency response of the generator,
op the power spectrun of "threshold-impulse-response” of the
gonerator dus to an experimental impulse stimulation.

A8 the rhythmic experimental stimulation wish wvarious
frequencies were delivered always with a finite constant
intensity in any frequency, the power spectrua of the stimu-
dation is able to regard as always constans in every Lyee
qQuenaies of all the stimulations, i.e.

-18 -



Fig. 5— SAo

B Th SR ARG P. L PN R T e I T2, T o
S R RN

6 unit perforator (Kurosawa-TsQshin).

Figo 5"'53.

6 unit perforator (Oki-Electric Industry Co.).
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(5.4) X(eit) = X, (¢ const.)

v Theretore,
(5.3 x2o(ein) = P, (0.
Consequeatly, the praperty of the generator asctivity (2re-
queacy response), G(e;f), would be revealed by the power
speetrus of the crosacorrelogram of the experimemtal stimu-

lation and the BEG tracing during delivery of the stimulation.
Por convenience sake, therefore, the above crossecorrelogran

§ey(f) is usunlly nominated as the frequency response in
place of G(e;f) itsel?.

The freoguancy resronse activities were obtained in the
following procedures.

(1) Data gamplirg =nd crosscorrelation analygis. 4n ink-
written or photographed EEG tracing with the signals of the
experimental rhythmic stimulation was traced by handwriting
on the transparent graph paper when the digital numerical
crosscorrelation analysis (Sato et al., 1962) noted above is
applied, while magnetically recorded EEG and rhythmic pulse
series of the stimulation, which were recorded onto 1/4 inch
sape by the 3-channel or S-channel data recorder, vere re-
recorded on the endless 1/2 inch Scotch tape by the data
recorder and the pulse signal correlator (UCi-26) to obtain
the crosscorrelograms of the rhythmic stimulation and BEG by
means of the pulse signal correlator.

Thus, the orcsscorrelograme of the stimulation of vari-
ous frequencies and the BNG recordings were odtained (PFig.
S-68 and 5-78).

(2) Rreguancy apalyain oL OroASQOITSLOAXSAR. Vave forms
of the orosscorrelograns were recorded magnetiocally oato 1/2
inch tape by the specially designed pantagraph (Fig. 5-3) by
meana of boundary dieplacesent type magnetic recording (BD
reocording) and then the amplitude spectrum of a Crosscerrelo-
gram was recorded by the instant spectrum analyser (¥ig.3-7,0).
The ordinates vf a crosacorrelogram traced by she pulse signal

- 20 =
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Diagramatic illustration of procedures for

obtaining the frequency response.

R: BBOs led from cerebral auditory area of a cat and the
curves of rhythmic click stimulations with various fre-
quencies (1, 2.1, 3.2, 4.2, 5.2, 6.2, 7.8, 10.9, 13, 16.4
and 21.4 per second).

8: Crosscorrelograms of the click stimulation and BEG, which
vere computed by our method (Sato, Honda et al. 1962).
Arrows indicate the time poihts delivered the click.
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Fig. 5~6.11., Diegramatic illustration of procedures for
obtaining the frequency raesponse.

?: Power spectra of the above crosscorrelograms, which were
computed by the electronic computer.  Arrows pointing downe
ward locate at the giimvlating frequency. :

Us Frequency responds. ibscipea is the stimulating fre-
quency and crdinats i: the neek height at the stimulating
frequency.
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FPig. 5-7. Procedures for obtaining the freguency reasponse,

At curves of rhythmic flash stimulation and EEG led from

cerebral visual area.

B: crogscorrelograms of the stimulations and EEGs, which

were calculated by our method (Sato, Honda et al. 1962).

C: frequency spectra of the crosscorrelograms, which were

traced by the instant frequency analyser (Fig. 5-4).

The numbers on the left of curves in A, B and C indicate

v the stimulating frequency per second.
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" ooTrelator were sampled digitally in every a finite time
inkerval Yo form a time series, when its power spectrum was
obtuined by the electronic computor in Tokyo or by the method
of deuble harmonic analysis, The power spectra of the above
crossoorrelograms were obtained, therefore, by the instant
spectrum analyser, by the electronic computer in Tckyo or by
double harmonic analysis (Kobayashi 1953, 1955).

(3) Determination of the amount of th G _regponses.
In the amplitude spectra and/or the power spectra of the above

crogscorrelograms, a peak located at the stimulating frequency
appeared to show the basic response to the rhythmic stimulation
(Pig. 5-6,T, Fig. 5-7,0; and its height indicates the amount
of the EEG responge in aversuge, that is to say, a§;y(f) in
(5.1').

(4) Plotting the fregquency response behavior. Conse-

quently, taking the stimulating frequency as abscissa and the
above peak heights as crdinuse the frequency response behavior

will be able to plot ‘Fig. 5-5,U).

6. CONCLUSIONS DRAWN

Not only experiments on the roles of the thalamic non-
specific and specific nuaclei and reticular formation upon
the "activity" (frequency response) of the generators of
electroencephalogram (EEG) and myotonogram (MT) were conducted,
but also physiological significances of the EEG "activity"
(frequency response) and/or MT "activity" were studied from
the theoretical point of view of random precess in a sto-
chastic servosysteu.

It was revealed that the "activity" (traneforming action)
has an equivalent significance not only to the "excitability

cycle" ("recovery curve" of the excitability), but also 188 o=

-tigﬁgonrggponse area" in th: auditory system and the "spectral

gensitivity curve" in the visual sygtem. It was inferred,
therefore, that the amount of the interaction between the
effects of two afferent inflows upon the "activity" in a

- 24 -
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portion of cerebrum, subcortical syetem and others in the
central nervous system can be measured ty the difference be-
tween the average frequency-patterns (frequency spectra) of
the "activity" induced by the combination of the two afferent
gstimulations and the summation of those of each "activity"
induced by the two afferents. An augmentative or facili-
tatory interaction will be taken place, when the former average
frequency--pattern is larger than the summatione of the latter
two average frequency-patterns, while an inhibitory interaction
will be taken place, in the :nstance of the reverse relation

to the above. And no interaction will be induced when no
difference was observed between the amount of the above two
average frequency-patterns. ’

A prominant augmentative bilateral interaction of EEG
was newly found in the lateral genjculate body (thalamic
specific nucleus). This result was different from the one
revealed by Bishop, Burke et al. (1958) in the excitability
cycle. As well as an augmentative effect in the interaction
of the mono- or binocular photic stimulation and unilateral
lateral geniculate stimulation, an inhibitory one was also
obser-ed. It would be able to infer, therefore, both in-
hibitory and augmentative activities in the level of lateral
geniculate body.

By obtaining the autocorrelegrams of the cerebral EklGgs
and the crosscorrelograms of the stimulation and the EEGs,
the average responses of EEG elicited by a low frequency
midbrain reticular stimulation were conspiceusly observed.
And those induced by low frequency centromedian stimulation
were algo the same. By such a high frequency midbrain re-
ticular stimulation,; that evokes electrocortical arousal in
cerebral EEGs, EEG response of photic flicker with a low
frequency was inhibited in a cerebral region, while it was
augmented in a different region. Not enly an inhibitory
but an augmentative process in the cerebral cortex would de,
therefore, capable of considering during electrocortical

- 25=
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arousal state. Ccnsequently, a new concept on the asmscending
reticular activating and/or inhibitory systems concernizg

the EEG responses would be possible to consider, though more
precise various observations and results on the EEG response
"activities™ should be pile up to solve this problss.

On the central innervations, i.e. descending reticular
influences upon the myotonogram (MT) activity, some evidences
of inhibitery and augmentative effects of the midbrain re-
ticular formation were observed.

7. IMPLICATIONS OF CONCLUSIONS

a. Interactions in the BEG regpongses to mono- and bi-
nocular photic flickering stimulatira.

Many evidences, which demonsirute photic flickering
flagh stimulation are suitaltle %o observe the human EEG ac~
tivity, have been reported vy Sato, Sate et al., Mimura and
Kitajima. In our researct experiments, therefore, EEG re-

sponses in the cerebral c~:tex elicited by mono- and binocular
stimulation of flickerirg flashes were also observed.

Let here x(t) be the stimulation to cause the EET ac-
tivity in general and Lxl(t) and x,(t) be the left monocular
stimulation and the natural stimulation with reapect to time
"t" regpectively, then x(t) be
(7.1) x.t) = x,(¢) +  x (),
as reported in the paragraph 2 of the Third Quaterly Progress
Report. And
(7.2) x(t) = x,(t) + x (%),
when the monocular flash stimulation is delivered to the
right eye. It is also obvious that
(7.3) x(t) = x,(8) + 1x)(¢) + x,(¢)

when the binscular stimulatien is delivered.
Let the power speotra of the EEG responses due to the

- 26 -
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stimulations expressed by (7.1), (7.2) and (7.3) respectively
by 1‘”@1(‘)' zJr(,,l(t) and ir"(n(‘)' ‘then the interactisn between
the left and right monocular stimulation will be expressed in

the following C, ()
(7.4) 0y (2) = Yoo (£) = 1Yo, (2) + Y5, (1),

as reported in the Third Quarterly Progress Report (see (2,10-1)

in page 6).
When

(7.5) Cp(8) > 0,

an augmentative interaction is revealed, while when an in-
hibitory interaction took place

(7.6) C;.(£) < 0
and when
(7-7) Clr(f) = Ot

no interaction would result.

The interactions eilicited in the EEG response due to the
left and right menocular flickering stimulations with 10 /sec
frequency were observed, hecause these interactions will be
important for basic or conirol activity to make clear the
influences ef nonspecific and specific thalamic nuclei and
reticular formation upon the ceretral EEG activities. In the
inkwritten or photographed EEG records themselves, the EEG

responges were distorted and/or masked by irregular fluctuations,

which would be irrelevant to the experimental stimulation,
while in the autocorrelograms of the EEG recordings, as illus-
trated in Fig. 7-1,A, far msre regular time-pattern were ¢b-
served, since irregular fluctuations were eliminated by data
processing of autocorrelation analysis. As can be geen in
Fig, 7-1,A and B, the amount of EEG responses by a same stimu-
lation in a region were usually not the same each other in the
left and right side.

< by
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Pig., 7-1A. Autcocorr:lograms of EEGs before and during
monocular pnollc [ilickering stimulation of 10 /eec.
(See next page)
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Mg. T=-1A. Autocorrelograms of EEGe before and during
monocular photic flickering stimulation of 10 /sec.

'1' and 'r' show left and right. P.S., L, P.L., and
G.L. indicate respectively the posterior sigmoid gyrus, lateral
gyrus, posterior portion of lateral gyrus and lateral genicu- ~
late body.

Abbreviations in the cat's brain sketch show the regions,
from which EEGs were led. Four autocorrelograms from the
top to downward in each region were obtained from the EEGs
during without any experimental stimulation (Controlj, with
the left monocular; right monocular, and binocular flickering
flash stimulations of 10 /sec respectively.

Fig. 7-1B. Frequency spectra of the autocorrelogramé in .
Fig. 7-1A. (See next page)

Abbreviations are the same as those in Fig. 7-1lA. On
the left in each frequency spectra of the autocorrelograms
during left{l) and right(r) monocular stimulations are illus-
trated and at the frequency of 10 /sec the summation of two
peaks of the EEG responses elicited by two monocular stimu-
lations is indicated. On the right the spectrum of the auto-
correlogram during binocular (1 +.r) stimulation.
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Pig. T-1B. Frequency spectra of the autocorrelograms in
Pig. 7-1A. (Sce page 29)
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A rhythmic oscillations of the stimulating frequency iu
the autocorrelograms (Fig. 7-1,A) and the peaks located at the
stimulating frequency in the spectra (Pig. 7-1,B) will be able
to consider as the EEG responses elicited by the flickering
visual stimulation, because no or very little osciilation with
the same frequency was observed in the autocorrelograms of the
control EEGs without the experimental stimuiation. A slight
EEG response was observed in the posterior sigmoid gyrus (PS)
(somato-sensory area), while a prominent one was elicited in
the lateral gyrus (L) (visual area). Jn the posterior region
of the lateral gyrus (PL), however, EBC¢ response was weaker
than that driven in the middle portica of the lateral gyrus.
In the right lateral geniculate body (rGL), BEEG response
elicited by contrslateral monocular stimulation was higher
than that by ipsi.ateral stimulation. The response dus to
binocular stimuiation was higher than the summation of the
responge to ccntralateral and ipsilateral monocular stimulation
respectively.

GConsequerntly, a facilitatory interaction between the
BEG activities due to0 ipsi~ ané contralateral afferent inflows
wag observed in the lateral geniculate body. Net only the
response of 10 /sec frequene', but that of 20 /sec (the first
high harmoric freguency) was also observed in the frequency
spectra and it was elicited more prominently by the binocular
stimulation than by the monocular stimulations to show a
facilitatory interaction. In several sutocorrelograms double
or triple response iime-patterns were observed, in all of
which a peak at 20 c/sec appeared. It is to be noted, there-
fore, from this fact that the peak in the high harmonic fre-
quency of the stimula'ling frequency would be not always the
LEG response of high harmonic frequency, but it verify the
existence of the two or three different responses of the
stimilating frequency.

In the left posterior sigmoid gyri (1PS) the EEG re-
sponse of 10 /aec and 20 /sec were very slight, while in the

-3l -
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right gyrus (rPS) a very low peak only appeared at the stimu-
lating frequency (10 /sec) by ipsi~ or contralateral monocular
atimulation. By binocular stimulation, no evidence to suggest
interactions were observed in the both posterior sigmoid gyri
(1P% and rPS).

In the lateral gyri (L), a prominent facilitatory inter-
action in the EBG response of 10 /sec, which was driven by
binocular flicker stimulation, was observed in the right gyrus
(rL), whereas in inhibitory interaction was revealed in the
left lateral gyrus (1L). Though a facilitatory and inhibitory
interactions were also obgerved in the posterior region of
the lateral gyri (PL), they were elicited in the opposite side
to those in the lateral gyri (L), i.e. they appeared in the
left and right side respectively.

It would be verified from tha above evidences that the
afferent inflows from ipsi~ and contralateral eptic pathways
will converge at least in a portion of the lateral geniculate
body to evoke facalitntion in its activity, which in the cere-
bral visual areaz they will converge to induce not only a fa-
cilitation, but also an inhibition of the cortical activities.
Consequently, a more complicate ‘higher) activities will be

 able to occur in the cerebral cortex than those in the spe-

cific thalamic nucieus. And the evidence of facilitatory
interaction in the latersl geniculate body suggests that this
nucleus plays not only a role of relay station, but also acts

: as a modulating center.

Though it is well recognized that the cerebral visual

"area of a cat occupy the lateral gyrus (the marginal gyrus),

which lies long in the medial margin to form the great longi-
tudinal fissure between the bilateral gyri. 8o that it was
necessary to verify the local difference in the EEG response

to photic visual stimulation. It would be better to observe
the crosscorrelograms of the stimulation and the EEG recordings
and their amplitudes or power apectra, than to observe the |
autocorrelograms of the EEG recordings and their spectra,

- 32 -
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becauge in the rorwer irreievant activities will be elimimated
exolusively, while in the 1ntter irrclwsnt uuvi‘un ‘Wil bo
able inclusive in average.

In Pig. 7-2, crosscorrelograms of the photic flicker
stimulation of 10 /sec to right eye and the monopolar EEG re-
cordings in various portions of the right lateral gyrus, which
were traced by the pulse signal correlator, and their ampli-
tude spectra obtained by the instant spectrum analyser were
illustrated. It was clearly verified that the prominent REEG
responses were induced in the posterior half portion (regions
§-7 in Pig. 7-2)} of the latsral gyrus, while only feeble or
no responses were observed in the former half pcrtion (Pig. 7-2,
regions 1-3).

In the posterior portion of lateral gyrus (regions 6 and
7 in Pig. 7-2) and middle portions (regions 4 and 5), in which
¢lear responses were induced, two or three potentials were
evoked by one flash in 10 /sec flicker stimulation. In the
region, in which most conspicucus resporse were observed, three
potentials were clemriy recognized in every instance of ipsi-
and contralateral monocular stimulatior and binocular stimu-
lation, while in the other 1regions, except the response to the
ipsilateral stimulatioa ir the region 5 and 4, the aeconazghe
third potentials werc fused to one wave form.

The response time-patterns (crosscorrelograms) elicited
by binocuiar stimilation were mrre prominent than those by
contra- and ipsilateral monocu.ar stimulation. These seemed
to be occured an augmen*ative interaction. A

In the frequency spectra of these crosscorrelograms, how-
ever, the peak heignt | Y, (£_) at the stinulating frequency
(1’e = 10 /sec) in the region  and 6, which was elicited by
binocular stimulation, was lower than the summation ef those
elicited by the afferent inflows via crossed and unerossed
monocular optic pathways respectively, i.e.

(7.8) 1071 (%) <1¥1(f + phy(2,)
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Pig. 7-2. Crosscorrelograms of photic flickering stimu-
; lation and EEGs in various portions of lateral gyrus ard
their frequency spectra.

Upper: Crosscorrelograms computed by the pulse signal
correlator. Tvwo marks are beneath the lowest correlograms, -
by which the two locations of flash stimulus repeated by
10 /sec flicker are indicated.

Lower: Frequency spectra drawn by the instant fregquency
analyger.
1-EYE, r-EYE and 1 r-EYES ghow respectively left and
LY right monocular, and binocular stimulations.
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where (T, (2.) and Y,(2.) are respectively the peak height
induced by left and right monocular stimulation and f_ is the
frequency of the experimental stimulation. Consequently, an
inhibitory interaction would be hidden in the croaacorrciogrinl
in the cerebral visual area and it will be difficult to evaluate
from the crosscorrelograms themselves.

In the posterior lateral gyrus (region 7), however, the
peak helght of the response due to binocular stimulation was
the same as the summation of those due to contra- and ipsi-
lateral monocular stimulation respectively, i.e.

(7.9) 1p11(Fg) = (¥ (£,) + Y, (£,)

No interaction was observed, therefore, in the posterior
lateral gyrus. In the first high harmonic response with the
frequency of 20 /sec in the region 7, 6 and 5 no interacbion
was algo obgerved, since the above relation (7.9) was verified
in these regions. On the region 4, however, inhibitory inter-
action was revealed in the narmonic response.

In all frequency spectra obtained from those crosssorrelo=-
grams, in which double or tripplc rcsponses to one flash stimu-
lus were observed, a peak at the first high harmonic frequency
(20c/sec) appeared except in the spectrum of the response
driven by right monocular stimulation in the region 5. This
evidence made sure of the already noted speculation in the
above that the peak at high hermonic frequency of the stimu-
lating frequency will indicate double and/or tripple response
to one stimulus in the rhythmic stimulation.

2. Interactions between the EEG regponses due to retinal
and ppecific thalamic afferent gigmals. Interactions in the
EEG responses driven respectively by right monocular photic
flickering stimulation and rhythmic el:ctric shock to the
right lateral geniculate body in the bilateral posterior sigmoid
gyri (PS), lateral gyri (L), posterior lateral gyri (PL) and
left lateral geniculate body (1GL) were observed (Fig. 7-=3,A
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wmf 3).  The tregueney of $he beth stimulesiens were § /e,
333 responses elicited by right moncular -tilnaaxion. in
the bilatersl posterior sigmoid gyri (1PS, rPS) were little
(Pig. 7-3 A, B), while by the stimulation to right lateral
geniculate body the responses were induced in the ipsilateral
gyrus. In the other ipsilateral gyri (rL and rPL) also ob-
serve the responses. This response was remarkable in the
right posterior lateral gyrus (rPL). A peak of the first

-high harmonic responses of 16 /sec also appeared in the power

spectra (Pig. 7-3, B) of the ipsilateral gyri to suggest two
potentials due to one electric shock (Pig. 7-3, B rPL), as
already pointed out. On the other hand, no response was
elicited in the left lateral geniculate body (1GL). The re-~
sponse due to right latersl geniculate stimulation in the
bilateral lateral gyri (1L, rL) were slighter than those in
the posterior lateral gyri.

The first high harmonic responses due to right monocular
flickering stimulation were yeilded more remarkably in the
spectra at the frequency of 16 /sec than the responses at the
basic frequency (8 /sec). In the corresponded autocorrelo-
grans (Pig. 7-3, A}, however, the most prominent responses
were observed at every 1/8 sec and lower one or two responses
intervened between two adjacent basic responses to tdrn re=-
spectively double or tripple response of the stimulating fre-
quency already noted in the former section (Pig. 7-1 and 2).
The most enhanced EEG responses due to the monocular stimu-
lation were observed in the contralateral (left) lateral gyrus
(1L), the next was in the ipsilateral (right) lateral gyrus (rlL).
No responses were elicited in the bilateral posterior lateral
gyri (1PL, rPL) and in the left posterior lateral gyrus, while
in the left laternl geniculate body a slight response was in-
duced,

In the autocorrelograms (Fig. 7-3, A), the average re-
sponse time-pattern due to the combined stimulation of the
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H‘. 7-3A. Autocorrelograms of ABGe uuring monocular and
‘ lateral genioulate niim:'ciicua af ¢ ver sec. (See next page)
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Pig. T=3A. Autocorrelograms of biis during monocular ana
lateral geniculate stimulations of 8 per sec.

Abbreviations see PFig. T=2A. In each regions, four
autocorrelograms of EEGs during no experimental stimulation
(left upper, control), right monocular flash (right upper),
right lateral geniculate electrical stimulation with 2 volts
10 ms (lower left, r-GL) and the synchronous combination of
the two stimulation (rGL + Plash, lower right) are illustrated.

Pig. 7-3B. Frequency spectra of the autocorrelograms in Fig.
7-3A. (See. next page)

Abbreviations see Pig. 7-2B. On the left in each

regions the spectrum during righ% geniculate stimulation

( (rGL) ) is painted black, while that of during right
‘ monocular stimulation ( (r Eye) ) is summated in white on

the black-painted spestrum. On the right the spectrum
during the combined stimulation (r Eye + rGL) in white is
summated on that of the control without no stimulation,
which 1s indicated by dotted area. Arrow pointing downward
is the location of the stimulating frequency of 8 c¢/sec.
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PAM aqmoonler stimulation and the stimulation to the right
leteral geniculate body was more prominent in the piintoggi
posterior sigmoid gyri (1PS, rP8), right lateral gyrus (rl),
right posterior lateral gyrus (rPL) and left lateral geniculate
body than each or one of the average response time-patterns
elicited by the stimulation to monocular and to the geniculate
body respectively, while lesser in the left lateral gyrus (1L)
and left posterior lateral gyrus (1PL). Consequently a fa-
cilitatory interaction in the former and an inhibitory inter-
action were suggested.

It was observed in the power spectra (Fig. 7-3, B) that
in the contralateral (left) lateral gyrus (1L), posterior
lateral gyrus (1PL) and lateral geniculate body (1GL), the
summation of the EEG responae of 8 ¢/sec due to right monocu-
lar stimulation and that due to right lateral geniculate
gtimulation was higher in peak height as that due to the
synchronously combined one of these two stimulations. The
above summation of the peak at the first high harmonic EEG
response of 16 sec was also higher than that due to the
combined stimulation in the left lateral (1L) and posterior
lateral gyri, while lower in the left lateral geniculate body
(16L). So that an inhibitory and facilitatory interactions
of the high harmonic responses were observed respectively in
the contralateral visual areas (lateral and posterior lateral
gyri) (1L, 1PL) and in the contralateral lateral geniculate
body (1GL).

In the ipsilateral (right) cerebral heminsphere (right
poaterior sigmoid, rPS, lateral, rL, and posterior portion of
lateral gyri, rPL), the sumnation of the above EEG responses
of 8 c¢c/sec was lower than the response due to the combined
stimulation, This difference was the most remarkable in the
right posterior lateral gyrus. (rPL), while reverse evidences
concerning the response of high harmonic frequency (18 c/sec)
were observed in the posterior sigmoid gyrus and in the pos-
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terior lateral gyrus. In the right lateral gyrus, however,
& same Telstion was observed. An fagilitatory end inhdbitory
interactions were, therefors, observed in the ipsilateral
somatosensory (rPS) and visual areas (rL, rPL).

By oconbining the stinulation to the right latersal ge-
niculate body with the binocular stimulation, therefore, the
responses in the bilateral posterior sigmoid gyri (1PS, rPs),
bilateral lateral gyri (1L, rL) were enhanced, while in the
bilateral posterior latersl gyri and left lateral geniculate
body inhibitory changes were observed. .

In compering the autocorrelograms of the EEG recordings
during the monocular {Fig. 7-3, A) with those during the
binocular stimulaticn (Fig. 7-3, C), it was observed that a
more prominent responses were elicited in all regiona by
hinocular stimulation then the responses due to the monocular
stimulation.

In the power spectra (®ig. 7-3, D), a higher peak to
reveal a facilitatory interaction under the combined stimu-
lation was clearly observed at the stimulating frequency in
the both of the posterior sigmoid gyri (1P3, rPS), while the
peak at the first high harmonice (16 c/sec) were lower during
the combined stimulation to reveal an inhibitory interaction.
In the lateral gyri (1L, rl), a reverse evidences were ob-
gserved. In the posterior lateral gyri (1PL, rPL), all the
peaks at the stimulating frequency and the first and the
second high harmonic frequencies were lower in the instance
of the combined stimulation. In the left lateral geniou-
late body (1GL), however, enhanced peak during the combined
stimulation was observed at the stimulating and -the second
high harmonic frequency, while slightly lowered peak appeared .
at the first high harmonic frequency.

¢ Interactiong between visual and cutaneous affersnt
dnflova. Some observations were performed on the EBG ao-
tivities elicited by monocular flicker stimulation alons
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Pig. 7-3C. Autocorrelograms of EEGs during rhythmic bimscuwlear
N - and right lateral geniculate stimulation with 8 per sec. ~

Abbreviations see Pig. T7-3A.
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Pig. 7-3D. Prequency spectra of the autocorrelograms in Pig.
7-30C.

Adbbreviations see Fig. T7-3B,
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qd,mchronouily combined stimulation of this flicker and
rhythnic eleotric shock to the ipsilateral main pad of una-
nesthetized and immobilized cats. PFrequency response behaviors
of EEGes in bilateral lateral gyri (1. Lat and r. Lat) posterior
sigmoid gyri (1. post. sigmoid.), left nucleus centrum medianum
and right lateral geniculate body were surveyed with the fre-
quencies ranging from 3 to 11 per sec 1in about 2 c/sec steps.
It was very often observed as can be seen in Fig. 7-4 that in
spite of EEG responses were difficult to evaluate from the EEG
tracing themselves, their autocorrelograms revealed some quali-
tative properties of the average time-patterns of the responses.
In addition, the frequency spectra of the autocorrelograms
obtained by the instant spectrum analyser verified the fre-
quency-patterns of the average responses not only qualita-
tively but also guantitatively.

In an unanesthetized and immobilized state an irregular
pattern of oscillations was : ften observed in the EEG records
themselves. In “heir autocorrelogrems, however, no prominent
oscillation was visualized, while in their amplitude spectra
(power spectra of the EEG records) some low peaks to suggest
intrinsic BEG activities were observed in the frequency range .
of human delta (0.5-3.5 c/sec), theta (4-7.5 c/sec) and alpha
(8-13 c¢/sec) waves (Fig. 7-4 control).

As there are often obgerved irregular back ground EEG
activities in the EEG recordings before the initiation of the
experimental stimulation (Fig. 7-5, 6, 7, 8 and 9; A4) and
during the delivery of the experimental stimulation the EEG
responses will be distorted and/or masked by them. Taking
the crosscorrelogram of the stimulation and the ERLG recording,
the response e#nly will be «btained, because irregular back
ground oscillations irrelevant to the stimulation will be
cancelled (Fig. 7-5, 6, 7, 8 and 9; B).

d. Effects of the stimulation of the midbrain reticular
forpation.
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Plg. 7-4. EZG response elicited by rhythmic binocular and
cutaneous stimulation with 8 per sec.

I. Left: EEG curves in the right lateral gyrus and the signals
of the stimulation.
Right: Autocorrelograms of the corresponding LEG curves on
the left.
II. Frequency spectra of the corresponding autocorrelograns
-on the left.

From the top to down the recordings during the control witheut
experimental stimulation, binocular flickering stimulation and
the combined one of these two are illustrated.
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Fig. '/~5. An example of EE¢ recording showing augmentative
and depressive EEG responses by cutaneous stimulation in the
' left lateral gyrus.

A: EEG recordings in the state of no experimental stimulation.
B: Simultaneous recordings of signal of the stimulation and
EEG. C: Crosscorrelograms of the stimulation and the BEG.
Arrows pointing upward show signals of the etimulation. D3

frequency spectra of the crosscorrelograms.

I and II: Photic flicker stimilation only (P) and the combi-

naticn of the photic and cutaneous stimulations (F + 8).

Stimulating frequency was 5 c/sec.

III and IV: Quite the same as I and II respectively. Stimu-
l lating frequency was 10 c/sec.
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Pig. 7-6. 4in evempie of EREG curves and EEG responses in the
right lateral grruz of a cat.

Abbrevriation see Pig. T--5.
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Mg. 7-7. in example of EEG curves and EEG responses in the
left posterior sigmoid g&yrus of a cat.

Abdbreviations see Fig., 7-5.
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Pig, 7-8. An oxample of EEG curves and EEG reesponses in the
right posterior sigmoid gyrus of a cat.

Abbreviaticns se» Fig. 7-5.
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PMg. 7-9. An example of EEG curves and EEG responses in the
right lateral geniculate body (I, II) and left nucleus centrum
medianum (IIX, IV) of a cat.

Abbreviation see Fig. 7-5.
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Fig. 7-10. Prequency response elicited by binocular flickering

flash stimulation and rhythmic electric shock to right main pad
of a cat.

Pull line: Frequency response by binocular stimulation only.
Dotted line: Frequency response by the combined stimulation
of the binocular and cutaneous stimulation,
Upper left and right: Left and right posterior sigmoid gyri.
Middle left and right: Left and right lateral gyri.
Lower left and right: Left nucleus centrun medianum and right
lateral geniculate bdbody.
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(1) Hight feeouenoy etimpulaticn. It has been well re-
cognised that a high frequency electric shook stimulation to

the brain stem reticular formation leads to a dimimution or
abolishment of the basic EEG potentials and in place of them
low voltage fast oscillatione are induced.

As can be seen in Fig. 7-11, high frequency stimulation
(200 /sec, 1.5 Volt strength, 0.1 msec duration) to the uni-
lateral midbrain reticular formation, by which low voltage
fast activities were observed in the bilateral lateral gyri,
yielded an inhibition of the photically induced EEG responses
of low frequency in the ipsiiateral lateral gyrus, whereas an
augzmentation of the EEG respunses in the contralateral lateral
gyrus.

In Pig. 7-12,E, some changes in the autocorrelograms of
EEG records caused by high frequency unilateral reticular
stimulation are illustrated. In the left and right posterior
lateral gyri (1L and rL) and right lateral geniculate body
(rGL), not only enhancement of the slow oscillation in the
autocorrelograms before delivery of the stimulation in some
instances (Pig. 7-12,E, 11-B, rlL-B, rGL-A), but also dimi-
nution of the oscillation was also observed by the reticular
stimuation (1L-a, rL-A, rGL-B). In the latter, low and
fast oscillations were superimposed in the diminished slow
wave forms. In the amplitude spectra of the autocorrelograms
these evidences were also indicated in the change of peak
heights. In the left lateral gyrus (1L), the peaks located
at about 1.5, 4 and 7.5 c¢/sec in the spectrum of the auto-
correlogram 'A-left' without the reticular stimulation (Pig.
7-12,E, right 1L,a) were lowered in their heights in the
gpectra of the autocorrelogram 'A-left' during delivery of
the reticular stimulation (Fig. 7-12,E, right 1L, A), while
a peak at the frequency of 25 c/sec was enhanced in the latter
spectrum, by which the above noted superimposition of the
low and fast oscillations were verified. In the spectra
(Pig. 7-12,E, right, b and B) of the autocorrelograms B in
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Mg. 7-1l1. in inhibitory and augmentative effect of high
frequency stimulation to the midbrain reticular formation
upon the EBG response.

EEG curves on the left and right are led respectively
from the left (1.lat.G) and right lateral gyri (r.lat.G).
F: Photic flicker monocular stimulation of 7 per sec to

right eye.
RP: Rhythmic electric shock 200 per sec 1.5 volt, 0.1 msec
to the left midbrain reticular formation,
P + RP: The combined stimulation of the above two.

Arrows in the middle and lowest curve indicate the initi-
ation of the high frequency reticular stimulation.
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Pig. 7-12B. Effect of high frequency reticular 'tinulafion.
(See next page)
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Pig. 7-12E. Effeot of high frequency reticular stimulgtion.

t Left. Autocorrelograms of EEGs in the Lilateral posterior
portion of the lateral gyri (1-1L and r-L) (top and inter-~
mediate pairs) and right lateral geniculate body (r-OL) (the
lowest pair). In each region, uppermost two autocorrelo-
grans (.) were computed from EEGs before delivery of many
rhythnic stimulations for obtaining the frequency response
behavior and lower two autocorrelograms (B) were derived from
EEGs after repeating many rhythmic stimulations.

Left autocorrelograms in A and B: The controls without re-
ticular stimulation.

Right autocorrelograms in A and B: BElectric shock of 200 /sec
(2 v, 0.1 ms.), to the left midbrain reticular formation.

Abbreviations in bilateral lateral gyri (1L and rL).

Right: Prequency spectra derived from the autocorrelograms
on the left.

i s and b: Control without the reticular stimulation.

s A and B: High frequency stimulation te the left middrain
reticular formation.

a, b, A and B are correspondingly obtained respectively from
autocorrelograms illustrated in A-left, B-left, A-right and
B-right.

C: Summation of the spectrum A and B.

Abbreviations in the right iateral geniculate body (GL).
Upper spectra in 4 and B were computed from the autocorrelo-
grams on A~left and B-left regpectively, i.e. the control.

Lower spectra in A and B were obtained from the auto-
correlograms on A-right snd B~right respectively, i.e. high
froquency stimulation %o tho left midbrain reticular formation.
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Pig. 7-12F. Influence of high frequency reticular stimm-
lation upon the frequency response of EEG.

1L and rL: posterior portion of the left and right lateral
gyri respectively.
rGL: right lateral geniculate body.

In each regions, four curves are illustrate¢. The upper lef’
one (rF) is the frequency response elicited by right monocular
photic flicker stimulation. The upper right one (1Re) is
derived from the frequensy spectrum C in Fig. 7-12E. The ordi-
nates were teken ag half those in C, i.e. the average height

of the two spectra. The lower left one (rF) + (1lRe) is the
summation of the above two curves, (rF) and (1Re). “he lower
right one, (:F + lRe), is the frequency response elicited by

the combined stimulation., 6
- 56 -

B



the left lateral gyrus (1L) reverse changes in the peak
heights in the frequericy range of lower than 5 o/s were ob-
served by the reticular stimulation, while no peak at about

25 c/sec was enhanced. Quite a similar results were observed
in the right lateral gyrus (Pig. 7-12,E, rl).

In the spectrum of the right lateral geniculate body, an
enhancement of the peak height of about 1.5 c/sec was observed
in A (Pig. 7-12,E, r-GL A). Corresponding to the fact that
a decrement of the oscillation in the autocorrelogram B of
lateral geniculate body was observed by the reticular stimu-
lation, not only peaks located at about 1.5 and 4 c/sec were
lowered in its spectrum (r-GL, B) by the reticular stimulation,
but peaks =t high frequency range were also decreased in their
heights. In Fig. 7-12,F, the frequency response patterns
evoked by right monocular photic flickering stimulation only
and by the combination of this stimulation and high frequency
stimulation (200 /sec, 2 volts, 0.1 ms) to the left midbrain
reticular formation in the bilateral posterior portions of
the lateral gyri (1L and rL) and right lateral geniculate body
are illustrated. On the frequency response due to the com-
bined stimulation in the right posterior portion of lateral
gyrus (rlL) a higher peak was observed than the summated one
of the frequency response elicited by the photic stimulation
only and the frequency spectrum during the high frequency
reticular stimulation.

In the left posterior portion of lateral gyrus (1L) and
right lateral geniculate body (r-GL), however, the peaks in
the former were lower than those in the latter. Consequently,
an augmentative effect of the unilateral reticular stimlati.on
was observed in the contralateral posterior portions of later-
al gyrus, while an inhibitory effect was observed in the ipsi-
lateral posterior portion of lateral gyrua and contralateral
lateral geniculate body.

More experimental data would be necessary to make clear
the influence of high frequency reticular stimulation upon
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the EEG activities in the cerebral cortex. Im the next PINAL
REPORT more precise experimental data and their physiological
significances will be reported.

(2) Loy fregquency stimulation. By a low frequency stimu-
lation to the unilateral midbrain reticular fur=P#HE2 7-13,RF),

BEG responses of the stimulating frequency were observed in the
bilateral lateral gyri, wherein the induced response were more
remarkable in the ipsilateral gyrus than that in the contra-
lateral gyrus. Even when the double or tripple EEG responses
were driven by one flash stimulus in the low frequency photic
flickering series, “he response induced by the low frequency
stimulation to the midbrain reticular stimulation was sibusoidal
in its wave form (Fig. 7-13).

By synchronous combination of the reticular and flickering
stimulations, the second and third responses in the above double
and tripple response were augmented respectively. Although
the response amplitude elicited by the combined stimulation is
higher than each response due to photic or reticular gtimu-
lation only, the former was lower than the summation of the
latter two in the left lateral gyrus except in the instance
of 1 ¢/sec stimulation (Fisx. 7-14, 1. lat. G, Pig. 7-15, 1L).

In the right lateral gyrus (Fig. 7-15, rlL), however the former
response was higher when the stimulating frequency was lower
than 7 c/sec and higher than 15 c/sec.

e. Reticular influences upon the myotono c d
EEG activitieg. High frequency stimulation to the midbrain
.reticular formation caused inhibition and augmentation of the
myotonograms. As can be seen in Pig., 7-16A, very slight en-
hancement of myotonograms (r-MT and 1-MT') led from bilateral
lateral thigh; was observed by the stimulation of strength of
1 volt and 0.1 ms duration with the frequency of 100 /eec to
the left midbrain reticular formation, wherein EEGs in the
ipsilateral posterior sigmoid (1-PS) and lateral gyri (1-L)
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Pig. 7-13. EEG response elicited by low frequency reticular
stimulation in the lateral gyri.

P: right monocular photic flickering stimulation.

RF: rhythmic electric shock to the left unilateral midbrain
reticular formation.

P + RP: synchronously combined stimulation of the above two.

P
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Pig. 7-14. Frequency spectra of the autocorrelograms in
Pig. 7-13.

Abbreviations are the same as those in Fig. 7-13.

- 60 -



Sodred

ders
P
1. o (o9

et .
rL g 1W;
S Ponhgme AP o PP}
By e 09 o 1P

PMg. 7-15. Influences of stimulation to the midbrain re-
ticular formation upon the frequency response in the cere-
bral cortex.

(rP)s Prequency response elicited by right monocular flash
stimulation,
(1RF): Frequency response evoked by the rhythmic electric
shock stimulation to the midbrain reticular formation.
(1RP + rF): Prequency response induced by the synchronous
combination of the above two stimulations.
(1RF) + (rP): Summation of the two frequency responses (r¥)
and (1RF).
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Fig. 7-16A. Effect of high frequency stimulation to the
midbrain reticular formation upon the myotonograms (MTs) and
EEGs. (See next page)
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Mg, 7-16A. Bffect of high frequency stimalation to $he
$ nidbrain reticular. formabion.upen the pyotonograms. (MTs) and
ERGs. .

MTs were led from the surface of bilateral thigh
r and 1: right and left,
GL: lateral geniculate body.
CM: nucleus centrum medianum (centre médian).
L: lateral gyrus (visual area)
PS posterior sigmoid gyrus (somatosensory area).
Arrow pointing down (ON): Initiation of high frequency
rhythmic electric shocks (100 /sec 0.1 msec) to the left
midbrain reticular formation.
' arrow pointing upward (OFF): Cessation of the reticular
stimulation.
Upper curves: 1 volt stimulation.
Lower curves: 2 volty stimulation.
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Figjhl6B. Inhibitory effect of the high frequency reticular

atimulation upon the MTs.

Abbreviations see Fig. T-16A4. Stimulation was 200 /sec,

2 volts, 0.1 msec.
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vere also induced siow fluotuations. When $%e strength ef

‘ high freguency uniletarel reticul:r stipulation was made
strongsr $e 2 volte, Yewever; a reverse chafige in the Bilaternl
ijotonograns was obvicusly observed and ABde were augmented
nQ¢ only in the ipsilateral posterior sigmoid (1-PS) and lateral
eyrt (l«L), but also enhanced in the contralateral lateral
gyrus (r-L). In addition, EEG oscillationa in the ipsilateral
nucleus centrum medianum (1-CM) 2nd in the contralateral later-
al geniculate body (r-GL) were also augmented. As illustrated
in Fig, 7-16B, increased the stimulating frequency to 200 c/sec,
the inhibitory effect upon the bilateral myotonograms (r-MT,
1-MT) became more prominent and a rebound phenomenon was ob-

. gerved after cessation of the stimulation. The augmentative
influences upon the ZEGs in the ipsilateral posterior sigmoid
gyrus (1-PS), and nucleus centrum medianum (1-CM), bilateral
lateral gyri (1-L, r-L) were also grown up. In addition the

, potentials seen before the initiation of the stimulation in

b the contralateral lateral geniculate body (r-GL) were observed

in an opposite direction during the stimulation.

The augmentation of slow EEG potentials due to high fre-
quency reticular stimulation would be accounted for lowered
activity in the cerebral cortex and/or caused by the nembutal
anesthesia in the cortico-thalamic and thalamo-cortical re-
verberating circuits. In an immobilized cat by administration
of flaxedil, as can be seen in Fig. 7-17, high frequency stimu-
lation to the left midbrain reticular ..rmation lesd to an en-
hancement of bilateral myotonograms accompanying low voltage
fast EEGs in the bilateral lateral and posterior sigmoid gyri,
while slow activity of about' 3 c/sec wam observed in the right
lateral geniculate and left nucleus centrum medianum.

¥rom the above evidences augmentative and inhibitory
influences of the midbrain reticular formation upon the myo-
tonic activities would be verified. In the following experi-
ments and data proceseings in the extended centract these
contral influences upon the frequency reaponse of myotonogranms
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abbreviations see Tig. 17-16.
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will be more precisely arclysed.

£+ Intimanges of the vialemic nongpecific pucleua (ouclews
SAREIME Mdianum) unon the EEG activitieg. It was revealed
by the method of evoked potential (recruiting response) that
nonspecific thalamic nuclel. belong to ths diffuse projection
syetem and they send .fferent inflows to various regions of
the cercbral cortex especially to association areas. Little
evidences in terms of EEG activities were, however, hitherto
obtained.

EEG response in the association area, for instances in
the suprasylvian gyrus (SS), were yieded also by photic .
flickering visual stimulation, as illustrated in Fig. 7-18,1,
when tbé crogsscorrelograms.of the rhythmic stimulation and EEG
were obtained by our method or by the pulse signal correlator,
In many instances the stimulation to the left nucleus centrum .
medianum (1CM) elicited si%?&dal wave like EEG response in the
posterior sigmoid (Fig. 7-18.1. and B), suprasylvian (C and D)
and posterior suprasylvian gyri (E and F), on which, however,
gmall fast responses vere superimposed to distort the wave
form, while photic stimulation evoked double or tripple re-
sponses in many instances (#ig. 17-18, 1). In some instances,
the BEQG responses were depressed by combining the two stimu-
lations, while they wos nugmented by the same stimulation,

Consequently. ir7iur-20s of the nucleus centrum medianum

stimulation upon be L. v.iponsos to photic flicker stimu-
lation were observed .2 1. juemuy response behavior re-
spectively under niouic L/.czer stimulation, electric shocks

t0 the nuoleus ce:.>riu wedi:.an and the synchronously combined
stimulations were surve¢ 8¢ with the frequencies ranging from
1 to about 20 per second in about L per sec steps in lower
frequencies than 15 c/sse and in about 3-5 c¢/sec steps in

_ higher frequencies thea 15 o/sec.

In Mg. 7-19, a case o the frequency responses in the

bilateral posterior sigmoid (1PS and rPS), bdilateral lateral
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| Fig.7-..8 7 . FEG responses induced by low frequency stimu-

lation to the nucleus centrum medianum.
A, B: left and right
respectively
C, D: left and right
regpectively.
E, F: left and right
(CM)s

anterior portions of the lateral gyri

et o VR WAL S BTl - s £ =

supragylvien gyri (association areas)

st o

posterior portions of suprasylvian gyri.

rhythmic electric shock stimulation to the left nucleus

centrum medianum.

) (Light)t binocular photic flickering stimulation.

(CM + Light): the synchronously combined stimulation of the
above two.
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Fig., 7-18,1F. EEG responses irduced by low frequency stimu-
lation to the nucleus centrum medianum.

Ay, Bt left :nd right anterior portions of the lateral gyri
respectively.

C, D: left and right suprasylvian gyri (association areas)
respectively. )

E, P: left and right posterior portions of suprasylvian gyri.

(CM)s rhythmic electric shock stiuulation to the left nucleus
centrum medianum,

¢ (Light): binocular photic flickering stimulation.

(CM + Light): the synchronously combined stimulation of the

: \ above two.
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Fig. 7-18,2. Frequency response behaviors in the associ-
ation areas elicited by binoccular photic flash stimulation

and/or the stimulation to the left centrum medianum,

Abbreviations see Fig., 7-18, 1B and F.
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Pig. 7-19.
An instance of the frequency

response behaviors.
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(1L and rL), bilateral posterior suprasyrvian (1PSS and rpss)
gyri and right lateral geniculate body elicited by photic
flickering stimulation to right eye, those by the rhythmic
slectric shock to left nucleus centrum medianum and those by
the combined one of the two stimulations are illustrated.
Other inkwritten and magnetically recorded data on these
frequency responses were obtained. Data processinge for
verifing the freéuency response behaviors, however, are not
yet completed, but are in progress, because it takes time
for carrying these data processing.

8. POSITIVE OR NEGATIVE CORROBORATION

A8 basic EEGs of wen and animals are irregular potential
oscillations with the frequencies in the range of frowm 8 to
12 c/sec, EEG responses due to various stimulations with a
frequency in the above frequency range were observed before
obtaining the frequency responses in the cerebral souato-
sensory and visual cortex.

As various afferent inflows converge in the cerebral
cortex, there ere variocus interactions between them to cause
inhibitory and/or augmentative EEG activities. Even in the
EEG responses induced by photic flicker stimulation only,
there are interactions between right and left monocular stimu-
lations, between photic and geniculate stimulation, between
photic and reticular stimulations etc. Not only interactions
between two afferent inflows to the cerebral cortex, local
differences in the lateral gyrus (visual area) should be ob-
served, because it is long area as already pointed out.

Little knowledge about the interactions in EEG activities
and their physiological significance are obtained hitherto.
Some important ccntributions would be found in our results
noted in the Implications of ccnclusions.

Though we could perforu some research experiments on
the frequency response behavior related to the 'Special Re-
search Goal' noted in the Negocinted Contract, article 1l,a.(l),
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and innumerable inkwritten and magnetically recorded data
are in our hand. The results of data processing of them,
however, are not yet piled up enough, because it takes much
time for data processing. We would like to sum up, there-
fore, in the next Final Report.

Prom the same point of view of the EEG generator ac-
tivity, myotonogram activity was defined (THE FIRST QUARTERLY

- REPORT, Paragraph 2. Fundamental Point of View of the Re-

search), by which the central control mechanism in the neuro-
mascular system would be akle to investigate. The results

of the data processing and further experiments will be reported
in the later report.

9. CONTRIBUTIONS TO THEORY

From various stand points, physiclogical significance
of the electroencephuiogram (EEG) has been investigated
since Caton (1875%) tound the cerebral potential irrelevant
to the experimental stimulation of animml, especially since
Berger (1929) succeeded in recording the EEGs from the surface
of human scalp. Few resultsgs have been revealed, however,
compared with the innumerakle number of papers reported
hitherto.

On the generating mechanism of the EEG, it will be
generally recognized that a complex summation of the slow
potentials (Tasaki et al. 1954; Jasper 1961; Hild and Tasaki
1962) of excitable membrane originated in the apical dendrites,
neuron somas and/or glia cells in the cortex, like dendritic
potentials, post-gynaptic potentials, etc. will be picked wup
by the leading (gross) electrode(s) to trace EEGs.

Few results were obtained, however, in what mechanism
the above slow potentials will be summated to form the EEG,

As already noted in the FIRST QUARTERLY PROGRESS REPORT,
Paragraph 2. Foundamental View Point of the Research, Sato
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(1961, 1962a, 1962b, 1963a,b) and Sato, Ozaki et al. (1961a)
made a progressing step in the orginating mechanism of the
EEG, in which EBG potential at an arbitrary time point will
be the algebraic summation of after potentials of the slow
potentials of the brain neighbouring the leading electrode(s)
(EEG generator) evoked by afferent nervous impulses delivered
in the past of this time point (Sato 1962a,b).

Here, the time-pattern of the EEG potential will be
expressed by an integral equation of the time-patterns of
the afferent stimulation and the slow potential of the EEG
generator elicited by a single threshold impulse stimulus
(the "threshold-impulse-response"). And by applying the
x Fourier transform to this integral equation, the following
important and fundamental re¢lationship:

(9.1) x(£) - 6(f) = 1(£)

was obtained, where X(f), G(f) and Y(f) are respectively

the power spectra of the stimulation, the "threshold-impulse-
response" of the EEG generator and the EEG and "f" is the
frequency (cycles per second) (Sato et al. 1957, 1961).

It has also been verified by Sato (1956-57; 1957a, b,

c; 1959a, b) Sato, Ozaki et al. (1960, 1961la) that G(f) is
not only the "frequency response" of the EEG generator, but
also has an extended physiological significance of the "ex-
citability" and assigned as the "transforming action" (Sato,
Minura et al. 1957, Sato 1956-57, 1957a, b, ¢, 1958, 1959a, b)
or the "activity" (Sato, Ozaki et al. 1960, 1961).

In addition, Sato (1961, 1962a, b) verified further
physiological significance of the generator "activity"
("transforming action") during performing this research
contract that is equivalent to the "response area" (Galambos
& Davis 1943; Tasaki 1954; Katsuki 1960) in the cerebral
auditory system and the "spectral sensitivity curve" (Suzuki,
Taira and Motokawa 1961) in the cerebral visual system.

L That is to say, let "f" in (Y.1) be the frequency of the

'
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pure tone stimulus delivered to the enr and be the wave
1on¢th of the monochromatic light stimulus delivered to eys
respectively and in addition let xu(f) be the threshold
stimulua of them, then the frequency-pattern of the excita-
bility of the auditory and/or the visual system can be ex-
pressed in the next E(f£):

(9.2) E(f) = —x—:%;r .

It is obvious therefor. that the "response area" and
the "spectral sensitivity cirve" are equivalent to E(f).
From the above (9.2),

(9.3) Xu(f)- B(f) = .. (1 : unit response)

is easily obtained, where "1" in the right side can be con-
sidered as the unit amoun* of the response caused by the
threshold stimulus, as aften done in physiological experiments.
If the stimulation X(f) in (9.1) is equal to the threshold,
that is to say, X(f' = Xu(f), then the amount of the response
Y(f) can be considered as unity in any frequency, i.e.

(9.4) () = 1, when  X(2£) = X (£),
therefore,
(9.5) G(t) = B(f), when X(f) = Xu(f).

Consequently, it is obvious that the "activity" ("trans-
forming action"' G(f) has a more extended physiological sig-
nificance than the "response area" in the auditory system
and the "spectral sengitivity curve" in the visual system.

Not only in the peripheral nerve (Gasser 1939), but alse
in the central nervous system (Lloyed 1946; Jarcho 1949;
Chang 1950, 1951; Gastaut et al. 1951) in general, the "ex-~
citability cycie" or the "recovery curve" of the excitability
is often obtained to make clear its physiological properties.

The concept of the "excitability cycle" is also able to
describe in terms of the above noted "activity" (transforming
action). When the time-pattern of the "amctivity" is con-
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sidered in terms of the following relationship between the
time-pattern of the stimulus intengity and that of the amount
of the response, i.e.

(9.6) X(t) - a(t) = R(t)

where X(t) is the strength of the stimulus delivered to =
physiological system at time "t" and R(t) is the response of
the system elicited by the stimulus X(t) and A(t) is the
"activity" of the system to produce the response R(t).

Let the time point, at which the conditioning stimulus
will be delivered, be taken as the time origin, then the
amount of the evoked response by this conditioning stimulus
will be R(0O), when O is assigned to the time origin. Then
the intensity of the conditivning stimulus is able to express
by X(0), and the same relation as the equation (9.6):

(9.7) X(0) - a(0) = R(0O"

will be able to consider, where A(0) is such an "activity"
that the quantitative expression of the physiological rroperty
neighbouring the leading electrode(s) to produce the amount
of response R(0) by a delivery of the conditioned stimulus
X(0). When the test stimulus with the strength X(t) is
delivered "t" second later the conditioning stimulus to
produce the amount of the response R(t), then the relation
(9.6) is also able to consider, where A(t) is the "activity"
due to the test stimulus.

The "excitability cycle" is, therefore, nothing else
than R(t)/R(0), i.e.

O R -

Here, the same conditioning stimulus X(0) is delivered always
in its quality and quantity and the test stimilus X(t) is
also always consatant at any time "t", at which it will be
delivered. Then X(t)/X(0) can be regarded as always
congtant:
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(9.9)  X()/X(0) = By (gt oomat.)

When the amount of the evoked ro.penutl By the oduditioning
stim:lus are al"ays tinitely conutnat. a8 often demonstrated
hitherto (Jarcho 1949; Chang 1950, 1951, 1952; Gastaut et al.
1951), then the activity A(0) will be aleo constant, i.e.

(9.10) a(0) = X, (X, t const.)

The excitadility cy-is R(%)/R0) becomes, therefore,

s
(3.11) f%%~ E . als),

= // H .
(K = K, KA const.)

Tnisg result %4eils us that the "excitability cycle® is
nothing else than the time-pattern of the "activity" ("trans-
forming action").

It is already pointed out by Sato, Ozaki et al. (1961a)
and Sato (1961, 1962a,b, 1963a,b) that the inverse Fourier
transforu ¢f the frequency~-pattern of the EEG "activity",
G(f), in (9.1) is the average time-pattern (autocorrelation
function} of the "threshoid-impulse~response" of the EEG
generator. It would be infered, therefore, that the "ac-
tivity" ("transforming action") and the "excitability cycle"
are anaiogous each other in their physiological significance.
Congequently, an "impulse-response" ol the brain in the
neighbourhood of the leading elecirod:(s) and/or the auto-
correlogram of the EEG recorded in the resting relaxed state
would Dbe reseubled each other in their wave form. And some
experimental evidences have been demonstrated by Barlow (1960),
Uttal and Cook (1962) and Sato (1963a).

An enhancement and diminution in the EEG "activities",
which are capable of obtaining in the autocorrelograms of
EEGs and,/or the crosscorrelograms of the stimulation and
the EEGe and their frequency spectra, therefore, will re-
spectively indicate augmentative (or facilitatory) and ine
hibitory proucesses in the EEG generator.

-7 -
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Morussi and Magoun (1949) observed that mot only spone
taneous cortical BEG potenti&h but also rooruitinc potontish
¢an be abolished by high frequency atimnlution to the brainstem
reticular formation. Leter, not only Jasper, Naquet and
King (1955) confirmed them and but also Purpura (1956) stated
that an inhibitory process should have been occured when an
electrocortical arousal pattern is evoked by high frequency
reticular stimulation, because he could demonstrated depression
of the dendritic response in this state. In addition, Steriade
and Demetrescu (1960) also demonstrated that high frequency
mesencephalic reticular stimulation exerted inkibition of bi-
lateral cortical flicker potential of 1 and 3 /sec, whereas
it exerted facilitation of those of 8 and 16 /sec. It was
also observed in one of our experimental results (Fig. 7-11)
that low frequency flicker potentials in the lateral gyrus
were inhibited by high frequency ipsilateral reticular stimu-
lation, whereas they were augmented in the contralateral re-
ticular gtimulation. And in the autocorrelograms and their
frequency spectra of EEG illustrated in Fig. 7-12, high fre-
quency midbrain reticular stimulation induced reduction of
the slow background EEG potentials in average and occasionally
enhanced high frequency (25 ¢/sec) EEG petential. When the
slow background EEG potentials were not prominent, they were
rather augmented by the reticular stimulation. Further re-
sults will be demonstrated in the next FINAL REPORT.

It is generally accepted since Adrian and Matthews (1934)
and Adrian and Yamagiwa (1935) stated that diminution or
abolishiment of the basic EEG potentials, which is called
"electrocortical arousal", indicates an excitatory proceas in
the brain, From the above theoretical and experimental evi-
dences, however, this chénges in any CEG potential in men and
animals would be followed some irhibitory process informed
by depreseion‘of EEG potentials, as already state by Purpura
(1956), Sato and Mimura (1957) Steriade and Demetrescu (1960)
and Mimura et al. (1962).
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Marshal (1949), Grtisser-Cornhla and Grtisser (1960) and
Grisser and Bauer (1960) concluded that no specific inter-
action will take place at genioulate level of cat, while
Bishop and Davis (1953) provided clear evidence that some
interaction d4id take place at geniculate level. Bishop,
Burke et al. (1958) observed in the excitability cycle in
the geniculate reaponse that the test response in the lateral
geniculate body elicited by the contralateral optic stimulus,
which was delivered various delays after the conditioning
stimulus to the ipsilateral optic nerve, was facilitated and
depressed resgpectively at intervals of 2-3 ms and 4-300 ms.
Their histoligical studies showed that direct binocular
interaction is limited to the zones in the geniculate nucleus
which contain large cells, i.e., the nucleus interlaminaris
centralis and the nucleus interlaminaris medialis. Although
Grtlsser and 3auer (1960) stated no real convergence of both
ipsi- and contralateral retinal afferents could observe,
they observed that 8 neurons showed a statistically signifi-
cant diminution of digcharge frequency to synchronous bi-
nocular light stimulation in comparison with their monocular
light responses. This evidence seems to suggest the inter.-
action in the geniculate level.

As can be seen in Fig. 7-1A and B, geniculate responses
to binocular rhythmic flash of 10 c¢/sec were far higher than
the summation of those due to right and left monocular stimu~
lation, 90 that a conspicous facilitation was yielded in the
geniculate level by repetitive binocular flash stimuli in
every 100 ms. In the excitability cycle demonstrated by
Bishop, Burke et al. (1958) depression of the geniculate
response at the interval of 100 ms between the conditioning
and test stimuls amounted to about 20 %. In addition change
in the discharge frequency of geniculate neurons induced by
synchronous binocular light stimulation was also suggestive
an inhibitory interaction (Grtlsser and Sauer 1960). Conse-
quently, an opposite interaction to the result demonstrated
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by Bighop, Burke et al. was verified in the average response
time~ and frequency-patterns of kG, A new evidences can
be expected, thoretoro,'in the frequency response of lateral
geniculate body, which will be reported in the next PINAL
REPORT, since it takes time to perform data processings
neceasary for obtaining frequency responses.

Moruzzi and Magoun (1949) noted that low frequency stimue
lation of the ascending reticular system did not itself in-~
duce a recruiting response (Jasper 1949, Jasper and Ajmone-
Marsan 1950, Hanberg and Jasper 1953, Verzeano, Lindsley and
Magoun 1953, Jasper, Naquet and King 1955), one for each shock
which coincode %o our EEG response of the stimulating fre-
quency. As illustrated in Fig. 7-13, distinct EEG responses
were induced by low frequency stimulation to the midbrain
reticular formation. ZEven when the resronses could not ob-
serve in the EEG record itself, it was carved in relief in
the autccorrelogram of the EEG or in the crosscorrelogran
between the stimulation and the EEG. And it was oovserved
such an example as illusirated in Pig. 7-15 that the fre-
quency response in the left lateral gyrus due to contralateral
photic flicker stimulatiorn was enhanced by synchronous combi-
nation of the ipsilateral midbrain reticular shock stimuiation.
In the frequency response obtained in the right lateral gyrus
the same effect was also observed except at the stimulating
frequency c¢f LU ¢/sec, at which reduction was observed. 1In
other example or the frequency response in the lateral gyri
(Fig. 7-12,F), ipsilateral f.icker potentinls were augmented
by the synchronized electiric stimulation to the contralateral
reticular formetion, while ccntralateral flicker potentials
were inhibited ny “he syachronized stimulation to the ipsi-
lateral reticular formation. Consequently, it would be
obvious that a lLow frequency reticular stimulation is capable
of inducing not only a rceruiting resovonse (LEG response),
but also of exerting augmentative and/or inhibitory c¢ffects
upon the cerebral EEG responses. And when an inhibitory
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influence is induced by low frequency reticular stimulation
a recruiting response will not asppeared.

Doty (1958) confirmed that a cortical strip along the
parginal gyrus adjacent to but probably not within the striate
area ylelds by far the highest evoked potentisls elicited by
optic stimuli. In comparison with the cortical strip to the
EEG reesponses to photic flicker stimulation illustrated in
Pig. 7-2 no essential contradictions were observed between
them.

Chang (1950) analysed the complex form of the primary
cortical response of cat to optic nerve stimulation and
demonstrated three independant congtituent potentials repre-
senting the activity of three systems of geniculo-cortical
pathways, each of which consisis of spike rotential and a
slow wave the average time-patiernsg of EEG response to monow~

and/or binocular flickering s'imuiation, double or tripple
responses to one flash were observed, each of which was
different in the ampli*ude #4ud form. As illustrated in
Fig. 7-2, 7-3, 7-5, 7-6, "-3, T-13, 7-18,1 and etc. the re-
sponse were observed alsc in the lateral geniculate body ag
well as in the cerebral cortex to suggest the slow potential
activities of differen: systeus.

It is general:y a:cepted in evoked potential and unit
k discharge recorded by ¢ross and microelectrode technique

o~

regpectively that contre-lateral eye has a greater represen~
tation than the .psilateral eye (Doty 1958; Burns, Heron &
Grafstein 1960, Auerbach et al. 1961). Not only by these
electrophysiological eviderces, but by histological fact that
67 % of fibers in a unilateral optic nerve of cat are crossed
(Bishop, Burke et al. 1958), the greater representation of
contralateral eye verified. In the average time~ and fre-
quency-patterns of EEG response illustrated in the paragraph
7, however, some results were coincided to this and others

A were opposite to. In addition, quite a different pattern

iw was observed between the response elicited by ipsi~ and
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contralaterel monocular gtimulation. On the interactiona”
of binocular visual afferents, there would be expected some
valuable evidences and arguments on the EEG activities (fre-
quency responses), which will be reported in the next PINAL

- REPORT.

It would be noted that the frequency responses (Fig. 7-10)
induced by monocular flash stimulations in the bilateral pos-
terior sigmoid gyri and bilateral lateral gyri were augmented
and inhibited by synchronous combinatiorn of the flash and
electric shock to right main pad in the stimulating frequency
range of 3~7 and 7-1l c/sec respectively, whereas the augaen-
tative effect was not obvious 1n the contralateral nucleus
centrum medianum and ipsilaterai lateral geniculate body,
though the inhibitory one was observed. There would be able
to infer, therefcre, such mechanisms from these evidences
that inhibitory process induced by cutaneous stimulation in
the visual cortex will be foilowed by the same process as in
the thalamic level, which w2ll be related closely to the
agcending inhibitory system in the pontine reticular formation
(Armengol, Lifschitz and Palestini 1951, Demeterescu and
Demeterescu 1962), while the augmentative process will be
caused predominantly by the convergence of retinal and cu-
taneous afferent inflows in the cortical neuron aggregates.

As the normal striate muscle fibers can never excite
without extringic nervous impulses delivered to their
endplates, their tonic activities recorded by the myotonogram
(MT) is capable of describing by the same theoretical and
experimental points of view of the electroencephalogram, as
already reported in THE FIRST QUATARLY PROGRESS REPORT, Para-
graph 2. Though some experimental evidences of augmentative
and inhibitory midbrain reticular influences were observed
(Fig. 7-164 and B; 7-17), further results on the MT "activities"
will be reported in the next PFINAL REPORT.
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